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Abstract
Purpose  Obesity may negatively impact the clinical outcomes of patients undergoing peritoneal dialysis (PD). However, the 
impact of obesity on PD-related outcomes remains unclear. We herein examined the association of high body mass index 
(BMI) with complete hemodialysis (HD) transfer, transition to HD and PD/HD hybrid therapy, peritonitis, catheter exit-site 
and tunnel infection (ESI/TI), and heart failure-related hospitalization.
Methods  This retrospective cohort study included 120 patients who underwent PD-catheter insertion between January 
2008 and June 2018. BMI ≥ 25 kg/m2 at the time of PD-catheter insertion was defined as high BMI, and its association with 
outcomes was analyzed using the log-rank test and Cox proportional hazards models.
Results  The follow-up duration was 46.2 (23.3–75.3) months. The time until transfer to HD and hybrid therapy was sig-
nificantly shorter in the high BMI group than that in the low BMI group, whereas the time until HD transfer was not sig-
nificantly different between the two groups (P < 0.001 and 0.18, respectively). Peritonitis-free and ESI/TI-free survivals 
were significantly shorter in the high BMI group than those in the low BMI group (P = 0.006 and 0.03, respectively). After 
adjusting for age, sex, diabetes mellitus, and estimated glomerular filtration rate, high BMI remained a significant risk fac-
tor for transferring to HD and hybrid therapy, peritonitis, and ESI/TI (hazard ratio [HR] 2.60, P < 0.001; HR 2.08, P = 0.01; 
HR 2.64, P = 0.02, respectively).
Conclusion  BMI ≥ 25 kg/m2 is a risk factor for transition to HD and hybrid therapy, peritonitis, and ESI/TI, but not for 
complete HD transfer in Japanese patients with PD.

Keywords  Hybrid therapy · Obesity · Body mass index · Peritonitis · Exit-site and tunnel infection

Introduction

Hemodialysis (HD) and peritoneal dialysis (PD) are the two 
main modalities of renal replacement therapy. Despite the 
potential advantages of PD compared to HD in terms of 

residual renal function (RRF), quality of life, and associ-
ated patient satisfaction, only 3% on patients who require 
dialysis use PD [1]. Technique failure leading to cessation 
of PD may play an important role in the reduced prevalence 
of PD use, as it was reported that approximately 20% of PD 
patients completely transferred to HD within 1–2 years after 
starting PD because of heart failure (HF) due to overhydra-
tion, catheter dysfunction, PD-associated peritonitis, or cath-
eter exit-site and tunnel infection (ESI/TI) [2–4]. Clarifying 
pre-dialysis clinical factors associated with technique failure 
may help identify patients who may benefit more from PD 
treatment and those who may require careful management 
to prevent technique failure.

Although obesity has been known to result in a higher risk 
of peritonitis and HD transfer, data have been inconsistent 
[5–12]. In general, dialysis clearance is often not adequate 
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in obese patients due to difficulties in achieving efficient sol-
ute removal and water removal [13]. A previous study con-
ducted in the United States (US) showed that a body mass 
index (BMI) ≥ 30 kg/m2 was associated with shorter time to 
transfer to HD and more frequent peritonitis-related hospi-
talizations [12]. Furthermore, obesity for Japanese patients 
was defined by the Japanese Society for the Study of Obe-
sity as a BMI of ≥ 25 kg/m2 [14], which is only equivalent 
to “overweight” as per the criteria set by the World Health 
Organization. Currently, no consensus has been established 
on whether obesity, defined as BMI ≥ 25 kg/m2, is associated 
with adverse outcomes among Japanese patients with PD.

PD/HD hybrid therapy, wherein patients usually undergo 
PD 5–6 days a week along with once-weekly HD, is a unique 
type of renal replacement therapy available in Japan and 
is an effective way to not only correct inadequate solute 
removal but also control fluid status [15]. Patients who 
develop solute retention or fluid overload with PD alone may 
first choose to transfer to PD/HD hybrid therapy instead of 
directly transferring to HD alone. The number of patients on 
PD/HD hybrid therapy in Japan has been increasing annu-
ally, since it was first approved by the Japanese National 
Health Insurance in 2010, with as many as 26.3% of patients 
with PD switching to hybrid therapy by the end of 2020 [1].

Therefore, this retrospective cohort study was conducted 
to evaluate the impact of obesity on the outcomes of patients 
with PD in terms of transition to HD alone or PD/HD hybrid 
therapy, peritonitis, ESI/TI, and HF-related hospitalization.

Materials and methods

Study population

This single-center retrospective cohort study and all pro-
tocols were approved by the ethics committee of the study 
hospital (approval number: 20211105). The study included 
patients aged ≥ 20 years who selected PD based on shared 
decision-making in renal replacement therapy selection, 
underwent PD-catheter insertion, and started PD at our hos-
pital between January 1, 2008 and June 30, 2018, as well 
as provided consent for participation. Patients without BMI 
data at the time of PD-catheter insertion were excluded.

Data collection and patient evaluation

The following demographic data at the time of PD-catheter 
insertion were obtained from medical records: age, sex, PD 
modality (continuous ambulatory or automated), method 
of PD initiation (short-term PD induction and education 
or stepwise PD initiation using the Moncrief–Popovich 
technique), history of diabetes mellitus (DM), history of 
cerebrocardiovascular disease, blood pressure, and type 

of antihypertensive agents or diuretics used. The Charlson 
comorbidity index (CCI) was calculated from the records. 
BMI was calculated using the height (m) and body weight 
(kg) data at the time of PD-catheter insertion. The geriatric 
nutritional risk index (GNRI) was calculated using BMI and 
serum albumin levels [16].

Follow‑up

The participants were divided into two groups according 
to their BMI (Japanese definition) (≥ 25 kg/m2, high BMI 
group and < 25 kg/m2, low BMI group) [15]. All partici-
pants were followed up until PD cessation (i.e., transfer to 
HD alone), death, kidney transplantation, or study comple-
tion (June 30, 2020). The primary outcomes were evalu-
ated in two ways: the first was a complete transition to 
HD alone, either from PD/HD hybrid therapy or directly 
from PD, and the second was a transition to HD and PD/
HD hybrid therapy, whichever came first (Fig. 1). Partici-
pants who either died or received kidney transplants were 
censored as recommended by the International Society 
for Peritoneal Dialysis [17]. Transition to HD alone was 
defined as a transition to thrice weekly HD (including the 
transition from PD/HD hybrid therapy), and transition to 
PD/HD hybrid therapy was defined as transferring to a 
combination of once-weekly HD and 5–6 days a week of 
PD therapy. In both the therapies, the day of the first HD 
session was considered the day of transition. Peritonitis, 
ESI/TI requiring surgical intervention, and HF-related 
hospitalization were recorded as secondary endpoints, 
because PD-related infection and HF are two leading 
causes of PD discontinuation in Japan [18].

Statistical analysis

Continuous variables were described as means ± stand-
ard deviation or median (25th–75th percentiles) based on 
normality assessed by the Shapiro–Wilk test, and binary 
variables were presented as percentages. Normally and 
non-normally distributed continuous variables were evalu-
ated by unpaired Student’s t test and Mann–Whitney U 
test, respectively, and Chi-square test was used for binary 
variables to compare parameters between groups. Survival 
curves were plotted by the Kaplan–Meier method and com-
pared by log-rank test. The Cox proportional hazards models 
were adopted to determine hazard ratios (HRs) with 95% 
confidence intervals for survival. In addition to the BMI cat-
egories, parameters that were previously shown to be asso-
ciated with time until transfer to HD were included in the 
multivariate regression model. In adjusted model 1A, age, 
sex, DM, and estimated glomerular filtration rate (eGFR) 
were included as candidate independent variables [19–22]. 
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Of the above variables, CCI replaced DM in adjusted model 
1B; DM and CCI were separately analyzed, taking multi-
collinearity into consideration. Model 2 included the same 
variables as model 1A, but added the use of angiotensin-
converting enzyme inhibitor/angiotensin II receptor blockers 
(ACEi/ARBs) and loop diuretics as independent variables. 
Model 3 included the same variables as model 2, but also 
included logarithmic brain natriuretic peptide (BNP) as one 
of the volume status markers as an independent variable. For 
simplicity, the same variables were also selected as potential 
covariates for multivariate analysis to assess their associa-
tion with peritonitis-free survival, ESI/TI-free survival, and 
HF-related hospitalization-free survival, because PD-related 
infection and HF are two leading causes of PD discontinua-
tion in Japan [18]. Indeed, obesity, older age, sex, DM, and 
lower RRF have been reported as possible risk factors for 
PD-related peritonitis [23], which were not far from candi-
date independent variables selected in this study. Addition-
ally, as death and transplantation were competing risk events 
against each outcome, the cumulative incidence considering 
competing risks was compared using Gray’s test, and the 
Fine–Gray subdistribution hazards model was used in the 
multivariate model as a sensitivity analysis for each outcome 
together with the standard Cox regression model for cause-
specific hazards [24]. All statistical analyses were performed 
using EZR (Saitama Medical Center, Jichi Medical Univer-
sity, Saitama, Japan), a graphical user interface for R (The 
R Foundation for Statistical Computing, Vienna, Austria) 
[25]. A two-tailed P value < 0.05 was considered significant.

Results

Patients’ clinical characteristics

Among 122 eligible patients, two were excluded because 
of missing values for BMI; therefore, the study cohort 
included 120 patients (Fig. S1). Table 1 summarizes the 
clinical characteristics of the study population and the 
two groups categorized according to BMI. The high BMI 
group (n = 44) exhibited significantly lower age, higher 
prevalence of DM, higher frequency of use of ACEi/
ARB and loop diuretics, and naturally higher BMI and 
GNRI values compared with the low BMI group (n = 76) 
(P = 0.003, 0.02, 0.02, 0.022, < 0.001, and < 0.001, respec-
tively); the remaining characteristics were not significantly 
different between the groups.

In the study cohort, the median follow-up period was 
46.2 (23.3–75.3) months; 35 (29%) patients were directly 
transferred from PD to HD and 39 (33%) patients were 
transferred first to PD/HD hybrid therapy and then either 
remained on PD/HD hybrid therapy (n = 26) or transi-
tioned completely to HD (n = 13) by the end of the study. 
Consequently, 48 (40%) patients discontinued PD and were 
transferred to HD alone, and 74 (62%) patients transferred 
to HD and/or PD/HD hybrid therapy (Fig. 1). In addition, 
55 (46%) patients developed peritonitis, 27 (23%) patients 
developed ESI/TI, and 53 (44%) patients were hospitalized 
due to HF during the study period. Furthermore, 8 (7%) 
patients underwent kidney transplantation, and 25 (21%) 
patients died without transitioning to HD alone. There was 
no loss to follow up.

Fig. 1   Flowchart of study 
participants during the study 
period. The population circled 
by solid lines was defined as 
complete HD transfer and that 
circled by dashed lines was 
defined as HD and/or PD/HD 
hybrid transfers. HD hemodialy-
sis, PD peritoneal dialysis
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Association between high BMI and transfer to HD 
alone or PD/HD hybrid therapy

A total of 19 (43%) patients in the high BMI group and 29 
(38%) patients in the low BMI group transitioned to HD 
alone, and a total of 20 (45%) patients in the high BMI group 
and 19 (25%) patients in the low BMI group transitioned 
to PD/HD hybrid therapy. Furthermore, five (4%) of these 
patients in the high BMI group and eight (7%) of these 
patients in the low BMI group subsequently transitioned to 
HD therapy alone.

In the high BMI group, transition to HD occurred due to 
peritonitis (n = 12), difficulty in controlling volume overload 
(n = 2), uremic solute retention (n = 1), major abdominal 

surgery (n = 3), and tunnel infection (n = 1). In the low BMI 
group, transition to HD occurred due to peritonitis (n = 13), 
difficulty in controlling volume overload (n = 4), uremic sol-
ute retention (n = 3), difficulties in performing PD due to 
decreased activities of daily living (n = 5), cerebrovascular 
disease leading to physical disability (n = 1), catheter mal-
function (n = 1), eosinophilia (n = 1), and pleuroperitoneal 
communication (n = 1).

Meanwhile, PD/HD hybrid therapy was initiated due to 
difficulty in controlling volume overload and uremic solute 
retention in both the high (n = 18 and n = 2, respectively) and 
low (n = 16 and n = 3, respectively) BMI groups.

Regarding the median time until complete transition to 
HD, there was no significant difference between the high 

Table 1   Baseline characteristics of the study population and the groups divided according to body mass index values (≥ 25 kg/m2 and < 25 kg/
m2)

SD standard deviation, SPIED short-term PD induction and education, SMAP stepwise initiation of PD using the Moncrief–Popovich tech-
nique, ACEi/ARB angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker, CCB calcium channel blocker, MRB mineralocorti-
coid receptor blocker, IQR interquartile range, BMI body mass index, eGFR estimated glomerular filtration rate, PTH parathyroid hormone, CRP 
C-reactive protein, BNP brain natriuretic peptide, GNRI geriatric nutritional risk index

Variables Total (n = 120) BMI ≥ 25 kg/m2

(n = 44)
BMI < 25 kg/m2

(n = 76)
P value

Age, years, mean ± SD 61.6 ± 12.8 57.0 ± 11.7 64.2 ± 12.8 0.003
Sex (% male) 92 (77%) 36 (82%) 56 (74%) 0.37
SPIED/SMAP, n (%) 109/11 (91/9%) 42/2 (96/4%) 67/9 (88/12%) 0.33
Diabetes mellitus, n (%) 40 (33%) 21 (47%) 19 (25%) 0.02
Cerebrocardiovascular disease (CCVD), n (%) 36 (30%) 15 (34%) 21 (28%) 0.54
Antihypertensive drugs, n (%)
 ACEi/ARB 80 (67%) 36 (82%) 44 (59%) 0.02
 CCB 104 (87%) 38 (86%) 66 (88%) 0.78
 MRB 3 (3%) 1 (2%) 2 (3%) 1
 β Blocker 30 (25%) 14 (32%) 16 (21%) 0.27
 α Blocker 11(9%) 6 (4%) 5 (7%) 0.33
 Loop diuretics 56 (47%) 27 (61%) 29 (39%) 0.02
 Thiazide diuretics 5 (4%) 3 (7%) 2 (3%) 0.36

Charlson comorbidity index, score (IQR) 3.0 (2.0–4.0) 4.0 (2.0–4.0) 3.0 (2.0–4.0) 0.15
Systolic blood pressure, mmHg (IQR) 140.0 (127.0–152.0) 141.0 (130.0–157.0) 136.5 (126.8–150.3) 0.34
Diastolic blood pressure, mmHg (IQR) 80.0 (73.0–90.0) 81.0 (78.0–90.0) 80.0 (70.0–90.0) 0.16
Body weight, kg, mean ± SD 64.8 ± 15.2 79.0 ± 11.6 56.7 ± 10.3  < 0.001
BMI, kg/m2, mean ± SD 24.2 ± 4.4 28.8 ± 2.9 21.5 ± 2.3  < 0.001
Albumin, mg/dL (IQR) 3.5 (3.2–3.8) 3.4 (3.0–3.8) 3.5 (3.3–3.8) 0.13
Urea, mg/dL (IQR) 77.8 (61.8–89.4) 80.0 (65.4–91.7) 75.4 (60.8–88.6) 0.41
Creatinine, mg/dL (IQR) 8.61 (7.72–9.85) 8.68 (7.78–9.78) 8.52 (7.58–9.87) 0.82
eGFR mL/min/1.73 m2, mean ± SD 5.38 ± 1.40 5.50 ± 1.37 5.32 ± 1.43 0.49
Hemoglobin, g/dL, mean ± SD 9.50 ± 1.33 9.66 ± 1.49 9.42 ± 1.23 0.34
Calcium, mg/dL, mean ± SD 8.36 ± 1.03 8.14 ± 1.08 8.49 ± 0.99 0.08
Phosphorus, mg/dL (IQR) 5.8 (5.1–6.8) 6.0(5.4–6.9) 5.5 (5.0–6.7) 0.13
PTH, pmol/L (IQR) 331.5 (204.8–494.5) 355.0 (221.0–522.0) 329.0 (202.5–480.0) 0.34
CRP, mg/L (IQR) 0.08 (0.03–0.17) 0.10 (0.04–0.21) 0.05 (0.02–0.16) 0.11
BNP, pg/mL (IQR) 136.8 (47.8–289.2) 134.1 (45.4–205.8) 139.0 (51.4–389.0) 0.52
GNRI, mean ± SD 97.0 ± 10.7 103.8 ± 9.9 93.0 ± 9.0  < 0.001
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and low BMI groups (70.0 vs. 95.4 months, respectively; 
P = 0.18) (Fig. 2A); however, it is notable that the time 
until transition to HD and PD/HD hybrid therapy was sig-
nificantly shorter in the high BMI group than in the low 
BMI group (38.1 vs. 72.8 months, respectively; P < 0.001) 
(Fig. 2B). In addition, there was no significant difference 
in the cumulative incidence of HD transfer between both 
groups (P = 0.33 by Gray’s test; Fig. 3A), whereas that of 
the transition to HD and PD/HD hybrid therapy was signifi-
cantly higher in the high BMI group than in the low BMI 
group (P < 0.001 by Gray’s test; Fig. 3B).

For multivariate analysis, we separately used the standard 
Cox regression model and the subdistribution hazard regres-
sion model in models 1A, 1B, 2, and 3. High BMI was not 
associated with HD transfer in any models (Table 2).

On the contrary, Cox regression in models 1A, 1B, 2, 
and 3 revealed that a high BMI was independently associ-
ated with a higher rate of transfer to HD and PD/HD hybrid 
therapy (HR 2.60, P < 0.001; HR 2.67, P < 0.001; HR 2.74, 
P < 0.001; and HR 2.40, P = 0.02; respectively) (Table 2). 
The subdistribution hazard regression models revealed 
a similar result (HR 1.99, P = 0.009; HR 2.03, P = 0.008; 
HR 2.01, P = 0.01; and HR 2.02, P = 0.01; respectively) 
(Table 2).

Impact of high BMI on peritonitis, ESI/TI, 
and HF‑related hospitalization

Peritonitis was observed in 26 (59%) and 29 (38%) patients 
in the high and low BMI groups, respectively. The perito-
nitis-free survival time was significantly shorter in the high 
BMI group than in the low BMI group (35.6 vs. 82.8 months, 

Fig. 2   Kaplan–Meier curves for (A) hemodialysis transfer and (B) 
transfer to hemodialysis and hemodialysis/peritoneal dialysis hybrid 
therapy

Fig. 3   Cumulative incidence curves for (A) hemodialysis transfer 
and (B) transfer to hemodialysis and hemodialysis/peritoneal dialysis 
hybrid therapy
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respectively; P = 0.006) (Fig. 4A). In addition, the cumula-
tive incidence of peritonitis was significantly higher in the 
high BMI group than in the low BMI group (P = 0.004 by 
Gray’s test; Fig. 4B). In the multivariate analysis, a higher 
BMI was independently associated with the development of 
peritonitis according to Cox regression analysis in models 
1A, 1B, 2, and 3 (HR 2.08, P = 0.01; HR 2.10, P = 0.01; 
HR 2.06, P = 0.02; and HR 2.08, P = 0.01; respectively) 
(Table 3). The subdistribution hazards in models 1A, 1B, 2, 
and 3 revealed a similar result regarding high BMI (HR 2.19, 
P = 0.005; HR 2.18, P = 0.003; HR 2.17, P = 0.008; and HR 
2.20, P = 0.006; respectively) (Table 3).

The incidence rate of ESI/TI was 14 (32%) and 13 (17%) 
in the high and low BMI groups, respectively. The ESI/TI-
free survival time was significantly shorter in the high BMI 
group than in the low BMI group (P = 0.03) (Fig. 5A). The 
cumulative incidence of ESI/TI was significantly higher in 
the high BMI group than in the low BMI group (P = 0.03 
by Gray’s test; Fig. 5B). In the multivariate analysis, stand-
ard Cox regression analysis revealed that a higher BMI was 
independently associated with the development of ESI/
TI in models 1A and 1B (HR 2.64, P = 0.02 and HR 2.68, 
P = 0.02, respectively), whereas models 2 and 3 exhibited a 
borderline significant association with a higher risk of ESI/
TI (HR 2.20, P = 0.06 and HR 2.20, P = 0.06, respectively) 
(Table 3). The subdistribution hazards in all models (1A, 1B, 
2, and 3) revealed a significant association between a higher 
BMI and ESI/TI (HR 2.67, P = 0.02; HR 2.74, P = 0.002; 
HR 2.20, P < 0.05; and HR 2.25, P = 0.04; respectively) 
(Table 3).

The incidence rates of HF-related hospitalization were 
22 (50%) and 31 (41%) in the high and low BMI groups, 

respectively. The HF-related hospitalization-free survival 
time did not show a significant difference between the high 
and low BMI groups (45.2 vs. 72.9 months, respectively; 
P = 0.09) (Figs. S2A and S2B). In the multivariate analy-
sis, a high BMI was not independently associated with HF-
related hospitalization in any models (Table S1).

Discussion

Although the study showed a significant reduction in the 
time until transition to HD or PD/HD hybrid therapy in 
obese (Japanese definition) patients [15], it did not show a 
reduction in the time until transition to HD in such patients. 
The risk of peritonitis and ESI/TI was also higher in obese 
patients. These results held true after adjustment for known 
predictors of PD discontinuation such as age, sex, eGFR, 
CCI, and DM.

It has been previously reported that older age, sex, DM, 
CCI, lower RRF, hypoalbuminemia, anemia, and lower exer-
cise capacity were independently associated with a higher 
technique failure rate [4, 19–22, 24, 26–30]. In a previous 
study from Japan, a BMI ≥ 25 kg/m2 in PD patients was 
reported to be associated with composite outcomes of tech-
nique failure and all-cause mortality within 2 years after PD 
[31]. Additionally, data from a large US dialysis organization 
indicated that a BMI ≥ 30 kg/m2 in PD patients was associ-
ated with shorter time to transition to HD therapy and more 
frequent peritonitis-related hospitalizations [12]. However, 
some reports have shown no association between obesity and 
technique failure or PD-related infection [10, 11]. Thus, no 
consensus has been reached.

Table 2   Association of body 
mass index ≥ 25 kg/m.2 with 
hemodialysis transfer and 
transfer to hemodialysis and 
hemodialysis/peritoneal dialysis 
hybrid therapy using standard 
Cox regression model and 
Fine and Gray subdistribution 
hazards model

Model 1A adjusted for BMI category, age, sex, eGFR, and DM. Of the variables included in model 1A, 
CCI is included instead of DM in model 1B. Model 2 adjusted for the same variables as model 1A in addi-
tion to the use of ACEi/ARBs and loop diuretics. Model 3 adjusted for the same variables as model 2 in 
addition to logarithmic BNP
HD hemodialysis, CI confidence internal, BMI body mass index, eGFR estimated glomerular filtration rate, 
CCI Charlson comorbidity index, DM diabetes mellitus, ACEi/ARB angiotensin-converting enzyme inhibi-
tor/angiotensin II receptor blocker, BNP brain natriuretic peptide

BMI ≥ 25 kg/m2 Transfer to HD Transfer to HD and hybrid therapy

Estimate (95% Cl) P value Estimate (95% Cl) P value

Cause-specific hazards
 Model 1A 1.45 (0.78–2.72) 0.24 2.60 (1.54–4.37)  < 0.001
 Model 1B 1.59 (0.85–2.99) 0.15 2.67 (1.58–4.51)  < 0.001
 Model 2 1.53 (0.79–2.99) 0.21 2.74 (1.59–4.72)  < 0.001
 Model 3 1.56 (0.94–2.58) 0.08 2.40 (1.18–4.90) 0.02

Subdistribution hazards
 Model 1A 1.11 (0.60–2.07) 0.73 1.99 (1.18–3.33) 0.009
 Model 1B 1.22 (0.66–2.77) 0.53 2.03 (1.21–3.40) 0.008
 Model 2 1.15 (0.59–2.22) 0.68 2.01 (1.17–3.44) 0.01
 Model 3 1.34 (0.70–2.55) 0.37 2.02 (1.18–3.47) 0.01
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Although there was no significant difference in the time 
to complete HD transfer between the higher and lower BMI 
groups in this study, the time to transition to HD and PD/
HD hybrid therapy was shorter in the obese group. In most 
countries, where hybrid therapy is uncommon, patients 
undergoing PD usually transfer to HD alone on develop-
ing fluid overload or insufficient solute removal; however, 
in Japan, where hybrid therapy is prevalent, patients often 
shift to PD/HD hybrid therapy first, which allows them to 
continue PD further and receive PD benefits such as longer 
and better quality of life. In a previous study, PD/HD hybrid 
therapy was associated with lower all-cause mortality, car-
diovascular mortality, and congestive HF-related mortality 
compared to PD alone [32]. Another study reported that 
extracellular water normalized to a patient’s height was the 
highest in pre-HD sessions followed by PD, PD/HD hybrid 
therapy, and post-HD patients; thus, PD/HD hybrid therapy 

is better than PD regarding volume control and is as accept-
able as HD even with decreased RRF [33]. Given that obese 
patients consistently achieve a lower total Kt/V over time 
despite a greater increase in dialysis Kt/V because of higher 
total body fluid volume [12], the aggressive use of PD/HD 
hybrid therapy may offset the disadvantages of PD in obese 
patients, especially in those with decreased RRF with a 
high risk of fluid overload and insufficient solute removal 
[34]. Namely, in Japan, given that PD/HD hybrid therapy is 
often chosen as an alternative to the transition to HD, obese 
patients have more opportunities to continue PD as PD/HD 
hybrid therapy.

In terms of PD-related infections, obesity was shown 
to be a risk factor for both peritonitis and ESI/TI. Obesity, 
older age, sex, DM, lower RRF, and depression have been 
reported as possible risk factors for PD-related peritonitis 
[23, 35–37], and thus, we have adjusted for these factors in 
the multivariate analysis. High BMI was still significantly 
associated with PD-related peritonitis and ESI/TI. Espe-
cially, considering that the rate of DM was significantly 
higher in the higher BMI group than that in the lower BMI 
group, high BMI exerted a negative impact on PD cessation 
and PD-related infections independent of DM. This result is 
one of the strengths of our study, considering that not many 
studies have elucidated the association between obesity and 
ESI/TI. Potential reasons for the high incidence of infection 
in obese patients include protracted wound healing, greater 
difficulties in daily care, and increased susceptibility to skin 
and soft-tissue infections [38, 39]. Additionally, a high BMI 
was determined to be a significant predictor of antibiotic 
prescription failure [39]. Excess body fat may increase the 
volume of distribution and clearance of antibacterial medi-
cations, resulting in less-than-optimal drug concentrations 
in the blood and tissues [40]. Although knowing the pre-
cise association between excess body fat and high BMI was 
not possible, because we did not systematically assess body 
composition using bioelectrical impedance analysis or dual-
energy X-ray absorptiometry due to the retrospective nature 
of this study, in general, BMI and percentage of fat are often 
proportional [41, 42].

The present study has several limitations. First, this 
was an observational cohort study that did not completely 
exclude the impact of other potential confounders, although 
we minimized the effects of covariates by performing mul-
tivariate analysis using all known risk factors of technique 
failure reported in previous studies. Additionally, the study 
was performed at a single center with a small sample size, 
which limits generalizability. Second, we used BMI as a 
measure of obesity similar to other epidemiological studies; 
however, BMI does not distinguish between muscle mass, 
fat, and fluids. Hence, PD patients may have fluid overload 
early during treatment, and changes in fluid volume may 
have a role in weight changes. To minimize any of these 

Fig. 4   (A) Kaplan–Meier curves and (B) cumulative incidence curves 
for peritonitis
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effects, we regarded BNP as one of the measures of the fluid 
status and added it as an independent variable in the multi-
variate analysis as model 3, which yielded similar results to 
those of models 1 and 2. Finally, race and socioeconomic 
status were not investigated nor analyzed; however, all par-
ticipants were Japanese and had health insurance through 
the Japanese insurance system, which made the patient back-
grounds similar.

In conclusion, we found that a BMI ≥ 25 kg/m2 was an 
independent risk factor for transition to HD and PD/HD 
hybrid therapy, peritonitis, and ESI/TI in Japan, whereas 
the time for HD transfer was not associated with obesity. In 
particular, in Japan, where hybrid therapy is prevalent and 
is often chosen as an alternative to complete HD transfer, 
obese patients have more options to avoid an early transition 
to HD alone, similar to non-obese patients. These results 
indicate that PD induction should not necessarily be avoided 
in obese patients. PD/HD hybrid therapy may be a useful 
option for obese patients to forego early complete HD trans-
fer, but further studies will be necessary and warranted to 
confirm whether successful weight reduction enhances the 
survival advantage of obese patients undergoing PD while 
reducing PD-related infections.
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Table 3   Association of body 
mass index ≥ 25 kg/m.2 
with peritonitis and catheter 
exit-site and tunnel infection 
using standard Cox regression 
model and Fine and Gray 
subdistribution hazards model

Model 1A adjusted for BMI category, age, sex, eGFR, and DM. Of the variables included in model 1A, CCI is 
included instead of DM in model 1B. Model 2 adjusted for the same variables as model 1A in addition to the use of 
ACEi/ARBs and loop diuretics. Model 3 adjusted for the same variables as model 2 in addition to logarithmic BNP
HD hemodialysis, CI confidence internal, BMI body mass index, eGFR estimated glomerular filtration rate, 
CCI Charlson comorbidity index, DM diabetes mellitus, ACEi/ARB angiotensin-converting enzyme inhibi-
tor/angiotensin II receptor blocker BNP brain natriuretic peptide

BMI ≥ 25 kg/m2 Peritonitis Catheter exit-site and tunnel infec-
tion

Estimate (95% Cl) P value Estimate (95% Cl) P value

Cause-specific hazards
 Model 1A 2.08 (1.19–3.66) 0.01 2.64 (1.18–5.88) 0.02
 Model 1B 2.10 (1.20–3.67) 0.01 2.68 (1.20–5.96) 0.02
 Model 2 2.06 (1.15–3.67) 0.02 2.20 (0.96–5.05) 0.06
 Model 3 2.08 (1.16–3.71) 0.01 2.20 (0.96–5.05) 0.06

Subdistribution hazards
 Model 1A 2.19 (1.27–3.77) 0.005 2.67 (1.20–5.96) 0.02
 Model 1B 2.18 (1.29–3.65) 0.003 2.74 (1.21–6.19) 0.002
 Model 2 2.17 (1.23–3.84) 0.008 2.20 (1.01–4.77)  < 0.05
 Model 3 2.20 (1.25–3.87) 0.006 2.25 (1.04–4.90) 0.04

Fig. 5   (A) Kaplan–Meier curves and (B) cumulative incidence curves 
for exit-site and tunnel infection
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